In this research an efficient synthesis of a novel nanocomposite including SiO 2 @(3-aminopropyl)triethoxysilane-coated cobalt oxide (Co 3 O 4 ) nanocomposite has been reported by three step method. The structure and magnetic characterization of Co 3 O 4 @SiO 2 @NH 2 have been done by using various spectroscopic analyses which include FT-IR, X-ray powder diffraction, scanning electron microscopy, transmission electron microscopy, energy dispersive X-ray spectroscopy and vibrating sample magnetometry. Amino-functionalized SiO 2 coated Co 3 O 4 nanocomposite exhibited superparamagnetic behavior and strong magnetization at room temperature. The average crystallite sizes of the Co 3 O 4 are 23.7 nm. The obtained magnetic nanocomposite showed excellent catalytic activity as a new heterogeneous magnetic catalyst for the synthesis of some indazole derivatives under mild reaction conditions along with high level of reusability.
Introduction
Over the last decade, organic-inorganic magnetic nanocomposites have become interesting as magnetic catalysts in both academic and industrial fields. [1] [2] [3] The spinel cobalt oxide Co 3 O 4 is a magnetic semiconductor and widely used catalyst for a variety of reactions. [4] [5] The use of this magnetic nanoparticle catalyst can address the isolation and recycling problem encountered in many heterogeneous and homogenous catalytic reactions. Most importantly, the magnetic-supported catalysts show not only high catalytic activity but also high degree of chemical stability. The Co 3 O 4 surface has a strong affinity for silica, and the cobalt-oxide NPs were easily coated with silica via the sol-gel process. 6 It has been exhibited that the formation of silica coating on the surface of Co 3 O 4 NPs can hinder their aggregation and keep their chemical stability. 7 In addition, the silanol (Si-OH) groups, which have often located in the terminal of silica coating surface, SiO 2 is stable under acidic conditions and inert to redox reactions, as compared with the organic coating materials, and hence functions like an ideal shell composite to protect the inner Co 3 O 4 partciles. Silica-coated Co 3 O 4 nanocomposite, i.e., Co 3 O 4 @SiO 2 , has recently been investigated for potential biomedical applications. [8] [9] [10] Additionally, the SiO 2 coating shell has an abundance of surface hydroxyl groups which can be easily coupled with organosilanes by formation of Si-O-Si covalent bonds. The importance of this field is highlighted by the use of bio molecules which control the self-assembly of nanodevices. [11] [12] [13] This led to the idea of preparing an active catalyst, Co 3 O 4 @SiO 2 @NH 2 , through morphology-controlled synthesis which ensure that faces which are active specifically are exposed predominantly at the surface. As well as, to the best of our knowledge, no attempt has been made to synthesis of Co 3 In continuing our efforts towards the development of efficient and environmentally benign heterogeneous catalysts, [14] [15] [16] [17] [18] herein, Co 3 O 4 @SiO 2 @NH 2 nanocomposite was prepared as a highly efficient magnetic catalyst by a simple method. The main goal of this catalytic synthesis was to introduce a novel and effective magnetic nanocomposite to expand the use of these types of composites for organic reactions. In order to investigate the catalytic activity of this magnetic catalyst, synthesis of some indazole derivatives have been done via two-component reactions.
Experimental

1. Chemicals and Apparatus
Chemicals were purchased from the Sigma-Aldrich and Merck in high purity. All of the materials were of commercial reagent grade and have been used without further purification. The α,ά -bis (substituted-arylidene) cycloalkanones were synthesized via aldol condensation as described previously. 19, 20 All melting points are uncorrected and were determined in capillary tube on Boetius melting point microscope. The ultrasonic irradiation was used in reactions by a multi-wave ultrasonic generator (Sonicator 3200; Bandelin, MS 73, Germany), equipped with a converter/transducer and titanium oscillator (horn), 12.5 mm in diameter, operating at 20 kHz with a maximum power output of 200 W. The ultrasonic generator automatically adjusted the power level. 
Preparation of Co 3 O 4 Nanoparticles
Co 3 O 4 MNPs were prepared according to previously reported procedure by Vela et. al with some modifications. 21 Firstly, cobalt nitrate hexahydrate (8.60 g) was dissolved in 100 ml of ethanol and the resulting mixture was stirred vigorously. Then, the mixture was heated up to 50 °C and kept for 30 min. Finally oxalic acid (2.14 g) was added quickly to the solution and the reaction mixture was stirred for 2 h at 50 °C. The formed precipitate which includes cobalt (II) oxalate was collected by centrifuges and then the prepared cobalt (II) oxalate powder was calcined at 400 °C for 2 h to produce Co 3 O 4 nanoparticles.
3. Preparation of Co 3 O 4 @SiO 2 Nanoparticles
Co 3 O 4 @SiO 2 MNPs were prepared according to the slightly modified previously reported method by Vela et. al. 21 Briefly, CTAB (2.2 g) was added to a solution of 0.5 g of Co 3 O 4 nanoparticles in EtOH (350 mL), and then concentrated ammonia aqueous solution (40 mL, 28 wt %) was added dropwise to the reaction mixture under sonication. After the treatment for 20 min which followed by the addition of tetraethylorthosilicate (TEOS) (0.4 mL in 10 mL of EtOH) to the mixture under ultrasound irradiation, then solution was stirred for 20 h at room temperature. Co 3 O 4 nanoparticles coated with porous SiO 2 shell were collected by centrifugation and washed three times with deionised water and then were calcined at 600 °C for 6 h.
4. Preparation of Co 3 O 4 @SiO 4 @NH 2 Nanocomposite
Co 3 O 4 @SiO 2 nanoparticles (0.5 g) were added to the three-necked flask and ultrasonically dispersed for 15 min in dry toluene (25 mL). Afterwards, 1 mililiter (4.27 mmol) of 3-aminopropyltriethoxysilane (APTES) was added into the flask, and the reaction mixture was refluxed at 110°C with continuous stirring for 10 h under nitrogen atmosphere. After completion of the reaction, the resulting amine-functionalized Co 3 O 4 @SiO 2 was gathered by centrifugation and washedwith water and ethanol for several times. Finally, it was dried at 50 °C under vacuum conditions for 10 h (Scheme1).
Nitrogen content of the amine-grafted sample was estimated by back titration using NaOH (0.1 mol/L). [22] [23] [24] First, the known amount of the catalyst was stirred in HCl (0.5 mol/L) for 30 min. Then, the mixture was filtrated and titrated with NaOH (0.1 mol/L). Nitrogen content of the catalyst was 5.86 mmol/g using 8.54 mmol/g trimethoxysilylpropylamine.
5 .General Procedure for Synthesis of Some Indazole Derivatives
In a typical procedure, a mixture of α,ά -bis (substituted-arylidene) cycloalkanone (1 mmol), phenyl hydra-zine (2 mmol), and Co 3 O 4 @SiO 2 @NH 2 (0.003 g) were placed in a round-bottom flask. The suspension was stirred under solvent-free conditions at 80 °C. Completion of the reaction was monitored by Thin Layer Chromatography (TLC). After termination of the reaction, the catalyst was separated from the solid crude product by using an external magnet. The precipitated solid was then collected and recrystallized from ethanol to afford the pure product.
The products were identified with 1 HNMR, 13 CNMR and FT-IR spectroscopic techniques.
Results and Discussion
1. Catalyst Characterization
The synthesis strategy of Co 3 O 4 /SiO 2 /NH 2 MNPs involves three steps. Figure 1 shows the XRD patterns of prepared Co 3 O 4 , Co 3 O 4 @SiO 2 and Co 3 O 4 @SiO 2 @NH 2 . All the XRD patterns show raising background which is attributed to X-ray fluorescence since Cu-K α has been used as the X-ray source during the measurements. 25 The reflections of XRD pattern of Co 3 O 4 in Fig. 1a confirm the synthesis of cubic normal spinel Co 3 O 4 (JCPDS file no. 42-1467). Fig. 1b shows the SiO 2 coating of Co 3 O 4 by the presence of the new broad peak at 2è approximately 22-25°. As shown in Figure 1, Figure 1 (a, b and c This reduction in saturation magnetization can be attributed to the surface effects such as magnetically inactive layer which contains spins that are not collinear with the magnetic field. 29 Because the silica coating is a nonmagnetic mass, and this decrease was ascribed to the contribution of the nonmagnetic NH 2 /SiO 2 shell to the total mass of the particles. Figure 5 shows TEM image of amino-functionalized SiO 2 coated Co 3 O 4 nanoparticles. Typical size of the structure has been measured about 50 nm, and the aggregation of the nanoparticles can be observed clearly. Therefore, the TEM observation confirmed the formation of an amino-functionalized SiO 2 around the Co 3 O 4 nanoparticles with typical nanostructure.
The scanning electron microscopy (FE-SEM) of the Co 3 O 4 @SiO 2 @NH 2 MNPs shows the morphology and structure of the as-prepared samples (Figure 6 ). The Co 3 O 4 nanoparticles are irregular sheets (non-spherical) in shape and hard aggregated powders with diameters ranging from 35 to 80 nm as seen in Figure 6a . The irregular Bullet-shaped Co 3 O 4 @SiO 2 nanoparticles with diameters ranging from 95 to 220 nm are shown in Figure  6b . This illustrated that SiO 2 has been successfully coated on the Co 3 O 4 nanoparticles. The micrograph of 
2. Catalyst Testing for the Synthesis of Some 7-benzylidene-2,3-diphenyl-3,3a,4,5,6,7-hexahydro-2H-indazole Derivatives
In order to optimize the reaction conditions and to obtain the best catalytic activity, the synthesis of 7-benzylidene-2,3-diphenyl-3,3a,4,5,6,7-hexahydro-2H-indazole derivatives was chosen as a model reaction. The reactions were conducted under solvent-free conditions at 80 °C (Scheme 2).
The synthesis of 7-benzylidene-2,3-diphenyl-3,3a,4,5,6,7-hexahydro-2H-indazoles with different amounts of the Co 3 O 4 @SiO 2 @NH 2 MNPs has been considered. It was observed that while the amount of catalyst increased from 0 to 0.003 g, the product yield raised from 0% to 98% significantly. No reaction yield without using the catalyst corroborates that the Co 3 O 4 @SiO 2 @NH 2 MNP catalyst plays a pivotal role in the synthesis of 7-benzylidene-2,3-diphenyl-3,3a,4,5,6,7-hexahydro-2H-indazole derivatives.
In the respect of industrial aims, reusability of the catalyst was examined by repeating the model reaction under the optimizedreaction conditions (Table 1 ). In order to reuse the catalyst after each cycle, it was separated by a magnet, washed several times with deionized water and chloroform. Then, it was dried in oven at 60 °C and reused in the next run. According to the results, the Co 3 O 4 @ SiO 2 @NH 2 MNPs can be reused six times without any significant loss of activity in this organic reaction. Moreover, nitrogen content of the catalyst was estimated by back titrationafter sixth cycle (5.72 mmol/g), which indicates low NH 2 leaching during the reaction. In order to evaluate scope of this research, we tried to prepare a range of 7-benzylidene-2, 3-diphenyl-3,3a,4,5,6,7-hexahydro-2H-indazole derivatives under the same reaction conditions. The results are presented in (Table 2 ). 
